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(54) NOVEL CARBON FINE PARTICLES 

(57)Abstract: 

PURPOSE: To provide novel carbon fine particles having a true specific gravity of 1.0-1.7g/cc 
measured according to the liquid phase substitution method and fine pores with almost no 
graphite structure. 

CONSTITUTION: The carbon particles are characterized by that their arithmetic average 
particle size is 30 to 500nm based on the projected particle image under a transmission 
electron microscope, their true specific gravity is 1.0 to 1.7 according to the liquid phase 
substitution method, their specific surface area by the nitrogen adsorption method is 200 to 
2,000m2/g and the X-ray diffraction pattern has a peak with 10 to 25&angst; d in the meridian 
plane interval. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A carbon particle, wherein an arithmetic mean diameter of projection particles 
observed with a transmission electron microscope is 30 nm to 500 nm, and a value of true 
specific gravity by a liquid displacement method is 1.7g/cc from 1.0 and specific surface area 

measured by a nitrogen absorption method is 2000m 2 /g from 200. 

[Claim 2]A carbon particle which is a carbon particle of claim 1 and is characterized by a lattice 
spacing d value having a peak which is 10 to 25A in an X diffraction pattern. 
[Claim 3]A carbon particle to which it is a carbon particle of claim 2, and peak intensity of end- 
to-end dimension (002) d Q02 of black lead defined by X diffraction is characterized by being 

below peak intensity to which a lattice spacing d value appears in 25A from 10. 

[Claim 4]A carbon particle, wherein it is a carbon particle of claim 3 and fine-pores capacity of 

10A or less is not less than 10% of 70% or less with a fine-pores capacity of 300A or less. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a new carbon particle. It is related with the 
suitable new carbon particle for broad uses, such as a rechargeable battery, an electric double 
layer type capacitor, catalyst support, gas adsorption material, a chromatography separating 
medium, a decolorant, deodorization material, addition-of-conductivity material, a coloring 
matter, a reinforcing member, and a reducing material for ceramic manufacture, which hardly 
has black lead structure in more detail. 
[0002] 

[Description of the Prior Art]The carbon black which controls industrially the soot of a 
combustion flame and this which are generated from the gaseous phase as a carbon particle, 
and is produced, And there are a thing which ground the corks etc. which are produced by 
heat-treating coal, heavy oil, etc. by the bottom reducing atmosphere of an elevated 
temperature or powdered active carbon, meso carbon micro beads further produced by 
carrying out the heating carbonization of the pitch mesophase of the liquid phase, etc. 
[0003]These most are generated at 3800K or less temperature called sublimation point of 
black lead, and have black lead structure, i.e., the condensation six membered ring structure of 
the existing number of rings of a grade, to some extent. This is a process in which the raw 
material is heated, and condensation six membered ring structure grows, what is called 
polycyclic aromatic is formed by dehydration and deoxidization as a precursor, and it is 
considered to be because for a reaction to progress in the direction which generates black lead 
which is a stable phase. 

[0004]By evaporating carbon and on the other hand, re-depositing it under 3800K or more 
elevated temperatures, Generating, spherical-shell-shape carbon clusters, i.e., fullerene, such 
as C , It became whether to be Toshiaki Kon et al. (Kratschmer, W., Lamb, L.D., 
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Fostiropoulos, K., and Huffmann, D.R.; Nature, 347,354-358 (1990)). That is, it is made to 
discharge under the rare gas atmosphere of about 100 torr by using graphite rods as an 
electrode, black lead is evaporated, and fullerene exists in the soot generated at this time. That 
is, when condensing from gaseous carbon and forming solid carbon, it does not become black 
lead called stable phase, but fullerene generates. 

[0005]Simultaneously with fullerene, at this time, it is known that carbon other than fullerene 
lives together as solvent insoluble matter. For example, Scanlon, J.C., and Ebert and L.B. are 
97 Journal ofPhysical Chemistry. The result of having investigated carbon of the residue after 
this fullerene extraction by the X diffraction from 7138 pages in 7140-page 1993 is shown. 
According to the result, the fullerene extraction residue is supposed that the (002) (100), (101), 
(004), (110), and reflection of each (112) field are seen including benzene ring structure. 
[0006]lt is also known by the electrode for this graphite-electrode method that hollow fiber' 
carbon nanotube' of the diameter of several nanometers will carry out generation deposition. 
On the other hand, in "Nature'^S.SSS-SSS (1992), Thomas Lenosky and others shows the 
structure by calculation that negative curved-surface carbon including a five-membered ring 
and seven membered-rings may exist theoretically. According to it, this carbon is if there is a 
possibility of having about 15A periodical structure, and having zeolite-like pore structure. 
Prediction that true specific gravity becomes in about 1.16g/cc is also shown. 
[0007] 

[Problem(s) to be Solved by the lnvention]However, this negative curved-surface carbon is not 
yet discovered, although having different special physical properties from conventional carbon 
is expected very much. 
[0008] 

[Means for Solving the Problem]This invention persons thought [ whether it is generable in 
metastable carbon particles other than black lead which includes a part of negative curved- 
surface carbon thru/or its structure, or fullerene making gaseous carbon condense under a 
suitable cooling rate under a suitable condition, and J, and have advanced examination. As a 
result, in output in a method of once evaporating a carbon particle and re-depositing solid 
carbon after that by thermal plasma, it discovered that a unique carbon particle which was not 
conventionally known depending on a generation condition was obtained, and this invention 
was reached. 

[0009]Namely, this invention aims at offer of metastable carbon particles other than black lead 
which includes a part of negative curved-surface carbon thru/or its structure, or fullerene 
further for the purpose of offer of new carbon particles which hardly have black lead structure. 
An arithmetic mean diameter of projection particles by which a deer is carried out and a gist of 
this invention is observed with a transmission electron microscope is 30 nm to 500 nm, It 
consists in a carbon particle, wherein a value of true specific gravity by a liquid displacement 
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method is 1 Jg/cc from 1 .0 and specific surface area measured by a nitrogen absorption 
method is 2000m 2 /g from 200. 

[0010]Hereafter, this invention is explained more to details, the main constitution element of a 
carbon particle of this invention is carbon - the other element - less than 10 mol % - 
desirable - Less than 5 mol % and a thing which is less than 1 mol % still more preferably are 
pointed out. That pitch diameter of this particle is 30 to 500 nm, and many have that pitch 
diameter in the range of 50 to 300 nm, True specific gravity is 1 .7g/cc from 1 .0 small, since 
many are in the range of 1 .7g/cc from 1 .4 and also it has micropore, the specific surface area 
is 2000m 2 /g from 200, and the many are the things of 200 to 600-m 2 /g. 
[0011]Specific surface area is measured by a nitrogen absorption method. In an X diffraction, 
as for an among these still more specific thing, a lattice spacing d value has a peak in 25A 
from 10. A lattice spacing d value is expressed with a following formula here. 
[0012] 

[Equation 1]D=lambda / 2sintheta lambda: X-rays Wavelength theta: Bragg angle [0013]The 
curve produced by smoothing the measured value of an X diffraction was differentiated, the 
maximal value was detected, and the bragg angle at this time was made into the peak position. 
About the peak position, it did not become final and conclusive as a peak, but what is usually 
considered to be the noise origin at the time of measurement by three measurement chose 
only that it can be considered that is an essential peak, and was become final and conclusive. 
Since the background had a random orientation ingredient, peak intensity was computed 
except for this. In accordance with the multiplex peak resolution method, peak resolution was 
specifically performed for the smoothed above-mentioned X diffraction curve, and the baseline 
was decided, and the difference in the peak position of this baseline and survey intensity was 
made into peak intensity. 

[0014]The above-mentioned data analysis performed measurement of the X diffraction using 
attached application software using Rigaku Corp. RINT 1000. In addition to the above- 
mentioned feature, the thing of as [ whose fine-pores capacity of 10A or less is not less than 
10% of 70% or less with a fine-pores capacity of 300A or less ] is also found out. At this time, 
many things are not less than 20% of 50% or less. 

[0015]This fine-pores capacity is computed by the Kranston-lnkley method and the Dubinin 
method in a nitrogen absorption method. The particles of this invention have a low true- 
specific-gravity value as above-mentioned. Usually, in carbon black, true specific gravity is not 
less than 1 .75g/cc, and exceeds cc in 1 .8g /also by activated carbon. Since the fine-pores 
capacity of the carbon particle of a raw material is increased as a process of activated carbon, 
it gasifies selectively with a steam or carbon dioxide (activation), Although making fine pores 
generate is usually performed, it is said that there is a portion to gasify in the portion with high 
reactivity into which structure was confused at this time, and it is, it becomes a form where it 

http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 4/14/2008 



JP,07-267618,A [DETAILED DESCRIPTION] 



Page 4 of 8 



leaves the black lead structure of coal-for-coke-making matter as a result, and a true-specific- 
gravity value becomes higher than the original particles, and the case where cc is exceeded in 
2.0g /can see it well. 

[0016]However, it can be said that particles discovered this time possess very unique physical 
properties of having micropore in spite of omitting activation operation, and having the 
structure (or negative curved-surface carbon structure) moreover confused. And if what has 
about 15A periodical structure is found out by X diffraction in particles discovered this time and 
they take into consideration that the true specific gravity is unusually small, including fine pores 
of 10A or less, a negative curved-surface carbon structure currently predicted theoretically - 
all-out - coming out -- carry out for there being nothing - I think that containing is possible 
enough. A small thing is rather shown from C g0 by above-mentioned theoretical prediction, and 

by it, generation energy of negative curved-surface carbon will be considered [ that it is 
generable and ] industrially enough, if even a process of generation is chosen. 
[0017]Even if there is black lead structure, it is slight. [ of carbon which we discovered ] Since it 
solidified before black lead which is a stable phase fully progressed, since the cooling rate at 
the time of solid carbon condensing was quick, and it was taken out from gaseous carbon in 
the so-called form of a metastable phase, this is considered. For example under a suitable 
condition, the above-mentioned carbon particle evaporates a carbon particle in radio- 
frequency-heat plasma, re-deposits this, and is obtained by carrying out vacuum drying of this 
output after removing extractives with solvents, such as carbon bisulfide. 
[0018]Explanation is added to below about this process. A generation process of particles of 
this invention will not be limited especially if a process in which evaporate carbon and it is re- 
deposited is included, but although a heat plasma process which can process a raw material 
industrially continuously and in large quantities is preferred, the number of them is one. Since 
gaseous carbon can also generate combustion of aromatic hydrocarbon etc., and a pyrolysis 
depending on evaporation by graphite-electrode discharge or high frequency induction heating 
of solid carbon, evaporation of a carbon target by laser, or conditions, it is available. 
[0019]Working medium of thermal plasma for making particles of this invention generate has 
preferred rare gas, such as Ar, helium, Xe, and Ne, and in order that reactive gas, such as H 2 

and 0 2 , may form black lead structure into generation particles or may affect physical 

properties, it is not preferred. A pressure in thermal plasma is 200 or more torr, and it is [ way ] 
desirable for evaporation of coal-for-coke-making matter, and it maintains thermal plasma, and 
RF generator input control power evaporated in sufficient coal-for-coke-making matter is 
required for it, for example, a not less than 5-kW input has preferred oscillating frequency in 4 
MHz. As for raw material concentration to introduce, it is desirable that it is high concentration 
so that a certain amount of degree of supersaturation may be attained so that a particle re- 
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deposit after evaporation of a raw material may be performed as much as possible by a 
nonequilibrium state, and a maximum of raw material concentration becomes settled naturally 
with calorific capacity of the latent heat of vaporization and plasma gas, and the plasma 
minimum maintenance electric power. As for a carbon particle of a raw material, what has 
many carbon contents is preferred. In output, black lead structure remains that a size of 
particles is a size over 100 micrometers. Then, what distributed carbon black with many 
carbon contents in an air current especially is preferred. 

[0020]lt is fundamentally insoluble to an organic solvent in particles of this invention. 
Therefore, an ingredient meltable to an organic solvent must be removed from the above- 
mentioned thermal plasma output. Then, aromatic hydrocarbon, such as carbon bisulfide or 
benzene, toluene, and xylene, Halogenated aromatic hydrocarbon, such as chlorobenzene, 
quinoline, pyridine, **** removing a nonpolar organic matter and removing polycyclic aromatic 
etc. with halogenated hydrocarbon, such as alcohols, such as ketone, such as ether, such as 
diethylether, and acetone, ethanol, and methanol, and chloroform, is performed. An extraction 
solvent can perform this process by a Soxhlet method etc. 

[0021 ]lf solubility of organic matters, such as fullerene of an extraction solvent, is small with a 
natural thing, it is hard to say that removal of an organic matter was fully completed, therefore 
especially a thing that has high solubility, such as carbon bisulfide, quinoline, pyridine, is 
preferred at this process. When using such a solvent, and especially the boiling point of a 
solvent is high, in a solvent removal process by desiccation, setting up time for a long time is 
highly performed [ pressure ] as a matter of course low in temperature. 
[0022]instead of [ of this process ] - or - in addition, it is a method also with effective not less 
than 400 ** thing which it heat-treats more preferably at not less than 600 ** the temperature of 
1500 ** or less, and is done for the sublimation removal of 1800 ** or less of the organic matter 
ingredients in rare gas thru/or nitrogen gas, such as Ar helium, Xe, and Ne. In the case of 

1500 ** or less, with a siliconit furnace more specifically again in the case of not less than 1500 
** 1800 ** or less, With a KERAMAKKUSU furnace thru/or a Tammann electric furnace, an 
elevated temperature is acquired and precursor powder is put in in this furnace at graphite 
crucible, and by a flow of 10 to 1000 ml/min, the above-mentioned gas is introduced and it 
usually processes about 30 minutes from 10 minutes. Although these gas mass flows and 
processing time change with a charge of a raw material, shape of crucible, and temperature, 
since it can know by measuring loss on heating up to 800 ** in inactive gas, such as Ar, the 
existence of quantity of a residual organic matter can choose relevant conditions by trial and 
error. 

[0023]lt is possible to usually contact such output in single gas of a steam and each carbon 
dioxide or mixed gas (activation gas) under ordinary pressure below not less than 600 ** 1500 
**, and to newly provide fine pores, and it is possible to obtain a substance of a generic claim 
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of this patent. At this time, this activation gas can also be diluted and used for suitable 
concentration up to about 10% with rare gas, such as nitrogen or Ar helium, Xe, and Ne. 

[0024]Or even if it newly provides fine pores by heating after impregnating with alkaline 
aqueous solutions, such as a potassium hydrate, a substance of this claim can be obtained 
similarly. It is the same also by a method of impregnating with phosphoric acid and heating it 
as other activation methods. 
[0025] 

[Function]The above-mentioned new carbon particles are particles to which the value of the 
true specific gravity measured by the liquid phase substitution method has the micropore which 
is ,1.0g/cc to 1.7g/cc and which hardly have black lead structure. According to such a feature, 
this particle can be ****(ed) for broad uses, such as a rechargeable battery, an electric double 
layer type capacitor, catalyst support, gas adsorption material, a decolorant, deodorization 
material, addition-of-conductivity material, a coloring matter, a reinforcing member, and a 
reducing material for ceramic manufacture, and it can be said that it has great industrial value. 
[0026] 

[Example]Hereafter, although an example explains this invention still in detail, this invention is 
not limited by the following example unless the gist is exceeded. 

In the thermal plasma generator shown in example 1 drawing 1 , input control power was made 
into DC arc 1 with 5 kW, and used it as the high frequency arc 2 with 24 kW (4 MHz). Plasma 
gas was introduced, after carrying out vacuum suction of the reaction apparatus with the oil 
sealed rotary pump to O.ltorr beforehand and checking that the amount of air leaks into a 
system is 0.1 cc/min. Plasma pressure was set to 760torr. Using Ar as plasma gas, 4 Nl/min 
and high frequency were used from the gas inlet 3 for DC arcs, and by the turning stream, Ar 
was premixed for Ar, 14 Nl/min was radially premixed for 12 Nl/min and helium from the 26 
Nl/min gas inlet 4, and it introduced from the gas inlet 6, respectively. 

[0027]As a carbonaceous raw material, carbon black (Mitsubishi Kasei Corp. make # 4000 B ) is 
accompanied to Ar air current (from 5 in drawing 1 to introduction) of 10 Nl/min from a feeder 
(1 1 in drawing 1 ), The particles which exceed 100 micrometers from the small tube of 2 mmphi 
by a gravity sizer (17 in drawing 1 ) after collision distribution to a downstream metal plate in a 
dispersion machine (10 in drawin g 1) were removed, and it introduced in the plasma device by 
0.45 g/min. 

[0028]When the particle diameter of the suspended particle which exists in this gas was 
measured based on JIS K-0302-1989, it turned out that the particles below 10 micrometers are 
contained 75%. Output collected caught parts with a downstream part for chamber (12 in 
drawing 1 ) wall adhesion and filter (13 in drawing 1 ) installed further downstream. In order to 
remove the organic matter (mainly fullerene) in this output, the Soxhlet extraction was carried 
out with carbon bisulfide, vacuum drying of the solid content of an extraction residue was 
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carried out at 150 ** under the pressure of 1torr for 10 hours, and the objective product was 
acquired. 

[0029]When the structure of the acquired output is investigated by the X diffraction by Cu K- 
alpha rays, as it is shown in drawing 2 , there is little 002 reflection (2 theta is about 26 
degrees) of black lead, and it is 2 theta. The broadcloth peak was accepted about (a lattice 
spacing d value is about 15A) 6 times. The specific surface area measured by the nitrogen 

p 

absorption method was 330m /g. At this time, the fine-pores capacity of 10A or less was 43% 
with a fine-pores capacity of 300A or less, and was about 0.09 cc/g. 

[0030]When this particle was observed with the transmission electron microscope, as shown in 
drawing 3 , the particle with a particle diameter of 50 to 200 nm was condensing, and it turned 
out that the arithmetic mean diameter of that projection particle is 100 nm. When true-specific- 
gravity measurement by a liquid displacement method using n-butyl alcohol was performed, it 
turned out that this particle is the true specific gravity of about 1 .49g/cc. 
[0031]Seishin Enterprise auto true DENSA MAT-5000 was used for true-specific-gravity 
measurement. They are all, when the quantity and the kind of the gas emitted when this 
particle is put in in the vacuum housing made from alumina and it heats in 1500 ** after 
deaerating to 0.1 or less torr for 30 minutes were investigated and the quantity of oxygen and 
hydrogen which are contained in this particle was investigated. It turned out that it is less than 
0.1 mol %. 

[0032]Using the same raw material as the same device as example 2 Example 1, made the 
speed of supply of the raw material into 0.19 g/min, and plasma pressure was set to 500torr, 
and also the same experiment as an example was conducted, and output was acquired. These 
was collected, a Soxhlet extraction and vacuum drying were performed like Example 1, and 
the objective product was acquired. 

[0033]When the structure of the acquired output was investigated by the X diffraction by Cu K- 
alpha rays, as shown in drawing 4, there was little 002 reflection (2 theta is about 26 degrees) 
of black lead, and the broadcloth peak was accepted for 2 theta about (the lattice spacing d is 
about 15A) 6 times. The specific surface area measured by the nitrogen absorption method 

was 300m 2 /g. At this time, it is the fine-pores capacity of 10A or less. It was about 36% with a 
fine-pores capacity of 300A or less, and they were about 0.09 cc/g. 

[0034]When this particle was observed with the transmission electron microscope, it turned out 
that the particle with a particle diameter of 50 to 200 nm is condensing, and the arithmetic 
mean diameter of that projection particle was 80 nm. When true-specific-gravity measurement 
by a liquid displacement method using n-butyl alcohol was performed, it turned out that this 
particle is the true specific gravity of about 1 .55g/cc. 

The arithmetic mean diameter of the projection particles by which Ketjen Black EC by 
comparative example 1 lion Akzo is observed with a transmission electron microscope is about 
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36 nm, and specific surface area is 960m Ig. However, true specific gravity It was 2.0 g/cc. In 
the X diffraction by Cu K-alpha rays, a peak was not observed for 2 theta in the low angle side 
of 20 degrees or less at all ( drawing 5 ). 
[0035] 

[Effect of the lnvention]The new carbon particle of this invention can be applied to broad uses, 
such as electrode materials, such as an electrical double layer capacitor and a rechargeable 
battery, or catalyst support, and gas adsorption material, and provides great industrial profits. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a mimetic diagram of the hybrid plasma reactor used for this invention 
examples 1 and 2. 

[Drawing 2] lt is an X diffraction figure of the output acquired in Example 1 . 

[Drawing 3] lt is the photograph which showed the particulate structure of the output acquired in 

Example 1. 

[Drawing 4] lt is an X diffraction figure of the output acquired in Example 2. 

[Drawing 5] lt is an X diffraction figure of the output acquired by the comparative example 1 . 

[Description of Notations] 

1 [ - A cooling water introduction pipe, 9 / - A cooling water drainage pipe, 10 / - A dispersion 
machine, 11/- Particle feeder ] - The power supply for DC arcs, 2 - The coil for high 
frequency arcs, 3, 4, 5, 6, 7 - A gas inlet, 8 

12 [ An oil rotary pump, 17 / - Gravitational classifier ] - A chamber, 13 - A bag filter, 14, 15 
-A valve, 16 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-M 4/14/2008 



JP,07-267618,A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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So 

[0 0 0 2] 

mx<mm nam®* tLTit. mm^^mtm 

[0003] cftS©»£tt» ffl8}0££j££&fcti3 
3800 K JXTCiWTfi* U £frft'J>ftfr*lIIIB8lji, 

tit*, w»tfins»**iTi^<iie?. K***B»ji6fc 

[0 0 0 4] 3800KW±©S5BTrK**«5B* 
tf. JWrlHS£*C£fcJ:9T» C60*if©J«»ttKJIS 

jWc&ofcCKratschmer, W. , Lamb, L. D. , Fostiropoul 
os, K. , and Huff mann, D.R. : Nature, 347, 354-358(199 
0)) o fiU^x U89»£m«i£: LT» 100torr«S©«# 
X»H«T?tt«Kr*T, C©B5£« 



[ooos] c©b$, y=7-^ytmn\^ 

1^5. 0Ja.tf, Scanlon, J.C. i: Ebert, L.B. liJourna 
I ofPhysical Chemistry 97# 7138^—76^67140^- 

2), (100), (101), (004). (110), (112)SiE©KttWlSft 

10 [0 0 0 63 COflRftMBSSTli, VfflcKm&a^S 

tlTVSo -73, 'Nature' ;355, 333-335 (1992Hcfcl/> 
T, Thomas LenoskyStt, 5 7 < Gftft 

©WSSjsLTl^*. *nic«fetH#, C©i*ii?Ut 15 A 

1. 16g/ccfiltKft3<t©^iyfc^£ttTVS. 
[0007] 

20 mm*M%L£ottz>mm L^u&tfe, 

l\ 
[0008] 

MB*W*T*fc»©#ft] *58W#«li, ftaajg 

[0 0 0 9] W^*5IWtts »£JUBNBI*«L«:t^fr 
40 0nmT'«y, •PS{*S»5SltJ:?.KtkM©ffl* ,i 1.0frei.7g 

So 

[0010] «t» *»w**yw«iKittwr*.. *n 

(c»$L<t* i ; e;u%WTT*«J:5* ) b©«:f|-r. 
C©*ft?tts *©¥*^5tf30fr55(WnmT'3&oT, ^< 
»*©¥^S^506^300nm©BHlc» y . JUtBlfth 
50 4-<1.0fl»61.7g/ccT*-3T» *<«1.4^51.7g/cc© 



(3) 



f#l«¥07-267618 



eatery, mmmKZGtztztoz<DVtmmmff2Q 

0*^2000m2/gT'«oT^ : Z<0&< it 200#6 600raVg05 

fc^EISIldffitflOtf 625 Affile e-?£WLTl^ 
*. CCT*te?^lldffil*:*3T«**l*o 
[00 12] 

[&1] d = A/2sin9 A:XHS «fi 

[0 0 13] X«BSr©»Effl*¥SIHbLTllSti*i& 
L7c„ tf— 7ffiWc-3l>Ttt, 5i»3@Oai 

|p»8#tf»S©?s CftfcRSlTlHtiLfc. uttWK 
tts ±58©JFSIMbL7tX«la]SfilMi**Mt:-^»«a 

C CD a;- x 5 -f > £ SMUt© tf- -7 ffig?©S£ fcT- 

[0014] xmmmoM&tm&tM m) ri 

NT 1000*flil\ ±E©T-*-«Wr«««©*Sffly7 
hfrXT'SffllvTfifofc. ±ffi©1WMdln;L 10AJMT 
©»?L8*tf300AWT©lfflft3fi©10%#±70%JJ(T 

< t>©l*20%W±50% WTTfc 
[0 0 15] C©«B?LS*»aJSl»*»lCfc^Ts Kran 
ston- 1 nk I eyfc&tfDub i n i n»fc «fe o T^tBJ tl£*>©? 

**. *RB©tft?«tta©ayfiL*ttwi*rr 
*y» attKT-bi.Bg/ccsiiji*. >sttK©«atL 

T» MK©ttKtt?©IHL8ft*itrfc& 

*«cttta)WTtoiii*« { c©w» #*<fcr*a#ttE 
istt©Ki\ «Bfi©atifcw»?**t*t>iixfey» us 

«n*7c©tt? * y s< fc y , 2. og/cc£a**5i§£tf 

[0 0 16] LtfU ^H*jft**i/fctt?tt, KjStitt 
*ffoTl**WctiHfcSrttlWl**U LtffcSWl. 
fcfllii (71)SeftSKSg«iji) «ft5i^5i»Tlt 
Hft«ltt*JlfliLT^*j:*jl«. Ltffc* <*l°]5SJIL 
fctt^ftfrlcttXliHJfflcj:oT15Aa«©JBJIMII3l 

**r« | bo#jit^*nT»y» ^-nstfioAixT© 

KTHifcLMtL^ «*LT^*Cttt*»*y»*i: 
±a©fflS^aT?». filBffijKJI6©£j»x*/l/ 
Cm cfcy t»L C £ tf aitf ftTfc V , &8 



[0 0 17] a*©ftJlLfctt*& H«8«ii(*«oT 
*><ItfT';fc3„ Cftli. #XttMHR*6> @tt/*?!stf;g 

»-r5f8©j$*P3ggtfa^/-ci6, esfflT'ft-sniStfJt 

yUJ«!r*ifcfci&£*a.S*i*. ±K©KJSHH t tt» fc 
t*aSBa*ftftTlc^T» MBMRT^Xv^TK 

10 fbKjR%^©>saijT*pijS»*KJi«, Msamttwc 
[0018] cosaico^TJitTtcittw^linil^o * 

»«H©tt?©£rt7n-feXtt«HR£SI»S*, IHffm* 
tt^iMitf^StiTL^ftafWtcHSStift^tf, m 
tcUSMttlc tf -3*»cKS€-jffii-p* SJftT? X^ 7 

p-bxi*»$L^t)©©— sfcs uttmatt 

«^@f*KJR©KH»)!lP«Hcj;5fill, U— «f-jc** 
h©JR»**l*ttaWlc*oTtt35»«« 
lb*ifs£ £©*»& £T*fc tf £«T 

20 $5©T*f"JfflpjegT*i65. 

[0 0 19] *»E©tt?*£j8*1«fc«&©J|ft77X 
TOfHWXttAr. He, Xe, Ne&£©##Xtf*y* L < , H 
2. 02fc£KJStt#Xli£^?©*lcHta«lig£fl?j« 

X^rt©E*(i200torr«±T**5S 3 tfUPK^©^ 
»c£oT»*L<» */fc» J»^X7**t»L5t»ft 
W»K«*»H8*-&6ti*/glt©aMi»WiX*/<9- 

tfisan?* y ^ fcfc »fiHamtf4wzic£^T B5K 

WJ-X±©A73tf#$ Ll\ «Ar«fl(ftaUEli« H*4<3 
30 3R^©tt?||«aitfT**/£tt#¥««IB-pfftoft* 
«fc5fc£5£fi<7)atSfnJttfaiS*ft*'<«< 

5ctib^L<> $/-ciR»aia©±i8iiv m%mmt 

T&Of&C**. J^©0HH&?li&XdWS©$^ 
t©tf»SLl\ *fctt?©***t*100/ii*l|jl«* 
4fi£%i*lcii||fS^jitf«#-r^„ ^-C 

[0 0 2 0] *«W©iffi?tt**WtCS«|jS«ttc^j§T* 
40 fitoTs ±i3©^X7X74fi£%tfe*^J8aiJlc 

^J*ftl«»*l«t*Lftt**l«3!j:63S:l\ K?, ZSWfc 

s;i^H-x;Mff©x-^^WJI, 7*h>$0>$- 
hVSix i5ry-;k ^^/-/HI©7/l/P-;l/iS N 

IIMMie J: oTV v9 X U-aft E ?S-5*tfT*5. 
50 [002 1] a«©Ct«:tf6» J4ta»W©75-U> 
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T*SfcfcM:Wll<» 8foT« EOlSTlfcZljMUSt* 

s**fi<» «ni**<ia*r*cttta«w>c 

[0 0 2 2] ECIfiOttfoyiC* »*L^(*ftlAT» Ar 
. He, Xe. NeW6#Xftl* Lg^#X*T-400 o aX±1800 o C 

«t» * y » * l < »6oo*c«±i5oo , cwT©aflr«» 

*yjn*wtc»» i5oo°cJi(TOJg^w->y3z 
7 hrc*-3T» *fcisooicw±i8oo , c«-F©J§*ic 

its ^7V'y^X*pftt"L*V?V^c«J:-3TSa=& 

C©JPrtlc«HBiBllHcH«l»*A*U 10fr51000ml 
/binGtiUTJLEtfXfcVAU >I3it10##S30#i|§£ 

ctisoarxsa, mmmmt. m 

ftflDfta**. ftiGO^tt, iWKJcoTJIft*^ M 
?¥#»(7)fi0D*»«s Arfc,fc*0*j§tt#X*T\ 800 

OT\ »9!lft«#«S«*tiWTitM(c J: oTRjf£T*35 

[0 0 2 3] Ctl6O£$%l£600 o CJ.)(±1500 o CJ.rFT- 

fc#X (JKStfX) ^ETT-SMl^-a-T. tr 

OWlfcfiSCtttpNE?**. COW, CORSET, 
tt, SSSsEWiAr. He, Xe, Ne*O*/jra?10%fia*? 

[0 0 2 4] *»b*'J'>A»07^*U* 
-efcO-SJQflft-r* C t K * ^TffrrclCiMffl, 

* *OffcOIB75;&;£<!: LTfi5K^^5f*^TfiDl^-r 

[002 5] 

»J£* ftfcJllfcMOfHR 0g/ccfl»S1. 7g/cc7?»*IWie 
[0026] 

[§SM>J] *RI9«MtfllcJ:tlE(ciMllcllM! 
ftJMl 

0 1 K/TW75X^fS£g!IKfc^TA*jn 0 7-ttD 
C 7-0 1 K5KW, Jg^;&7-* 2 lC24KW(4MHz) £ L 



fc £ffi£BI*?ttO. ltorr*T?»EBE5K>^(CTJlffi 
31* U flO)IW\aSfti;-*Stfa. 1cc/BinT»* 
EtfcWBLfcfk 77X7#X€8ALfc. 75X^7 
E2)«, 760torr£ Lib. X5X?«X<h LT«Ar*ffl 
l\ DC 7— ^fflK#Xa£AP3#64NI/niin, 
E-fcLT, tfcB3ltTAr*26MI/ilniJX»AP4<J»6, * 
&5fcfcAr*12NI/min&tfHe*14NI/min£ : pg£LZ\ 
aim AP 6 # S f-ftfft* A L fc. 
[0 0 2 7] UT«, 
10 (EKftJ* (tt) H»«»0»)*74— (01<fO1 
1) fr6l0NI/minOArS;ffi (E 1 *05 !b N 5#A) 
ffU *HHI (01*01 0) icSbTOnvOin* 

6Taoft««icas«»««» SA«MB« (01+O1 

7 ) TiOOjUiiifcSa.***?^* LO. 45g/minTX7X 
V«BrtlcWALfc. 

[0028] co/r^«f ic»ar*»aitt*otts*ji 

S K-0302-1989l£8r3t>TSiJ^Lfc<!:C5, lOpmjfcSO 

m-ffis%%* c <h fco £j»iiT-;jito* 
+ >/\*- (01*01 2) aw«»stf»cTawcRB 

20 Ut7<fJU*- (HlfOI 3) ?Ji*»*BttLfc. 

fB#£ltorrOE*rR 150"C?10»IBKffi®iLTB« 

[0 0 2 9] a&ftfc£j$»Ofl|&& Cu K-aMlCj: 
SXUEWfTIKtetCi, E12lc^-rj:5lc, UMBO 
002SW (2 0tfW) l*'J>ft<, 2 6&6m 

ttJfi (t8?HIBBd«fi<tt15A) lc7P-Kfte-<7ft^ 
|g<S6 6 tlfco BlRVtSKTaiS L /•clbSSWl*330m2 /g 
30 COW, 10A«TOlBB?LSft»i300AWTO 

«3L8«043%T* o T, 190. 09cc/gT'« o fc„ 

[0 0 3 0] 9>iS!m?R«UITCOtt?«iISL^^ 
C5, E13li:/TR-rJ:-5lC, 50nmfr5200nmOi&SO!ffi? 

WS LTfe y f-OUMBttyolttBTlSSttlOOninT* 
SCti^ofc n-7?/l/7;m->l/£fflWc, 

49g/ccOKJtfiT*S^ C t tMHfslt. 

[00 3 1] ftfc, KttmSlCtt-b'fi/Vjfeff («) 
SM— h H^yU-xV-y— MAT-5000*ffl^Co SJc, 7 
40 jUS^MKffigSrtlCEOBWfcAtiTO. ItorrJ-XTlt 
STMffil^ 1500'ClCfcl,>T30»linfBlLfclS««fef %tS 

xostas^fi^T, coift^ic^sn^, kss, * 

[0 0 3 2] HSS#IJ2 
»gj$S«0. 19g/niin> 7-5X?E^^500torri: LfcfftW 

50 ffoTStt4«**»fc. 
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[0 0 3 3] tt&n7t£j£feWltS«, Cu K-allCj; 

002J5JW (2etfft)26g) li'J>fc<, $7c, 2 0tf 6S 
Wifi (tt?BHHWdtfl&l5A) K^a-Kfttr-^tfB 
fcSftfc. BXVWsSTIIS L^tS9i«tt30(ta2/g? 

C©^ 10AJ-XT(D$ffl?LSMl* 300AJ.XT<7)ffl 
fL§fiO»36%7» *J WO. 09cc/g?« ? 7c„ 
[0 0 3 4] »IS!*?mttRTCOtt?«RflL7i:^ 
C 5, 50rMA k 6200nii09ftS0!}a?#a« L?l^« C £ 

3H£ *fr?fc& C 3E<WHW*tt1. 55g/ccOli]±«T*S 

^sftyTWttmtetjen Black EC(*3il£MI? MR 
«TW**tl4a»tt?fl!)IBB¥^afl«»36nBT* U » 
tt«iifflW*960m2/gT**. LfrLXttStt 2.0 g/ccT 
2Bofc 0 SfeCu K-al8K«fc*XS&l2]SfT*tts 2 0 #20 
SttT0«ftffll!:tt£< fcf— ?tfB5a&Stlfc#ofc (El 
5) . 

[0035] 

[*B©»*1 *»«08fflWHRtt?(i. 



[BHWIIW&BHI1] 

[0 1 3 tjMxm 1 . 2 Kja^feM-r ?y * 

[El 2 ] UlSSflfl 1 TH&ft/i&J&fecOXilllsOTBTS 

[0 3 ] nmm 1 ?»5tifc£j®»®tmiiifi*ij*Lfc 
io nnT°&%o 

[04] lt|IN2?ff5ftfc£jm®X||B&»?ft 
[H 5 ] JtfHW 1 ?»S*lfc£jjSft® XWhWtH?* 

So 

[|?^<DlttW3 

1-DC7-*fflWBU 2- ■•JMR87 , -r ymzMiw 
3, 4, 5s 6, 7 8-JttP**A* 

1 2-f 1 3-/<7^7^W- 14, 1 
20 5-/W7» i *y-sK>* 17-1 



[01] 
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12] 



counts 

700or^ — 

6000 



CuK-<x 



4000 



2000 



LdOO 20.000 



40.000 



60.000 



26 [deg.] 



[E4] 



'flo.btio' & ooo 



counts 
8000 




20.000 



40.000 ~ "* ' 60.666 
26 [deg.] 



80.000 90.000 



IW5] 



cps 

L51E+06r 



1E+05 



5E+04 




40.000 "60.000 



